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wanted to concentrate on 19th- and 20th-century topics, this book would be good
background, but more would be needed. It is likewise, in my view, not ideal for
those who have only high school mathematics, since the supposed mathematical
maturity of the reader is too high. For the general mathematical reader, despite
the textbook presentation, the book is entertaining and flows well, and many of
the problems are challenging and historically informative.
In conclusion, Katz’s book sets a fine standard for introductory textbooks in the
history of mathematics. The combination of clear exposition, superior documenta-
tion, and mathematical richness should be actively sought by all who teach such
courses. I might also add that continued support for historical research—and em-
ployment of historians—depends in great measure on how the mathematics commu-
nity as a whole perceives the role of history in understanding what mathematics is
and what it should become. In this context, I deem Katz’s book an important and
useful tool. It should take its place on the shelves of everyone interested in the
subject, and we may hope that future teachers and researchers will be inspired by
it to new levels of historical sophistication and mathematical insight.
REFERENCE
1. Florian Cajori, A History of Mathematics, New York: Macmillan, 1893.
E´lie Cartan (1869–1951). By M. A. Akivis and B. A. Rosenfeld. Translated from
a Russian manuscript by V. V. Goldberg. Providence (American Mathematical
Society). 1993. 317 pp. $153.
Reviewed by THOMAS HAWKINS
Department of Mathematics, Boston University, Boston, Massachusetts 02215
E´lie Cartan and Hermann Weyl were two of the greatest mathematicians of the
first half of the 20th century. While Weyl was Hilbert’s successor, Cartan was Sophus
Lie’s. Although Cartan was not formally a student of Lie’s, he was steeped in Lie’s
writings and, like Lie’s, almost all his mathematical work involved, or was motivated
by, the consideration of continuous groups. Like Lie, Cartan was by disposition a
geometer, although he had, as well, a far greater facility for dealing with algebraic
aspects of Lie’s theory. While Lie had many fertile ideas, Cartan was primarily
responsible for the extensions and applications of his theory that have made it a
basic component of modern mathematics. It was he who, with some help from
Weyl, developed the seminal, essentially algebraic ideas of Killing into the theory
of the structure and representation of semisimple Lie algebras that plays such a
fundamental role in present-day Lie theory. And although Lie envisioned applica-
tions of his theory to geometry, it was Cartan who actually created them, for example
through his theories of symmetric and generalized spaces, including all the attendant
apparatus (moving frames, exterior differential forms, etc.).
Despite these accomplishments, relatively little serious historical attention has
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been given to Cartan and his work and the role it has played in the development
of mathematics. Even a study limited to the mutual interaction of Weyl and Cartan
would be most welcome! The lack of such studies may be due in part to Cartan’s
geometrical way of thinking, which takes some time and effort to penetrate. Thus
Weyl, in a review of one of Cartan’s geometrical books, wrote [3, 601], ‘‘I must
admit that I found the book, like most Cartan’s papers, hard reading. Does the
reason lie only in the great French geometric tradition on which Cartan draws, and
the style and contents of which he takes more or less for granted as a common
ground for all geometers, while we, born and educated in other countries, do not
share it?’’ Given the difficulty of Cartan’s writings, as well as their profundity and the
widespread influence they have had upon subsequent mathematical developments, it
is no wonder historians have shied away from Cartan. The book under review,
however, has made the historian’s task easier. The authors are geometers who have
worked in areas that arose from Cartan’s work. Rosenfeld is also a historian whose
book on the development of non-Euclidean geometries [2] has many thematic
points of contact with the present book. Although Akivis and Rosenfeld do not
aim at an exhaustive description of Cartan’s work and influence but concentrate
primarily on those parts of greatest familiarity to them by virtue of their training,
they manage in this way to deal with all of Cartan’s major contributions.
The core of the book consists of seven chapters. The first is a biographical sketch
of Cartan’s life and career. It is the most complete biographical account now
available and contains new information and many interesting photographs of Car-
tan’s surroundings, family members, and colleagues. The remaining chapters divide
Cartan’s mathematics along the following lines: Chapter 2: Lie groups and algebras;
Chapter 3: Projective spaces and metrics; Chapter 4: Lie pseudogroups and Pfaffian
equations; Chapter 5: The method of moving frames and differential geometry;
Chapter 6: Riemannian manifolds and symmetric spaces; Chapter 7: Generalized
spaces. Rosenfeld wrote Chapters 1–3 and 6, Akivis wrote Chapters 4 and 5, and
Chapter 7 was a joint effort.
There are also four appendices, several of which make useful additions. The first
contains the evaluation of Cartan’s work Poincare´ presented to the Faculty of
Sciences at the University of Paris in 1912 recommending him for a position at the
Sorbonne. Cartan had been teaching in the provinces and so this represented his
big move to the mathematical center of France. It was fitting that Poincare´ wrote
the report on Cartan, for although it is doubtful he ever took the time to master
completely the details of the Killing–Cartan structure theory or Cartan’s subsequent
work in this vein, he, far more than the other leaders of the Paris mathematical
community (Picard and Darboux), had the breadth of vision and facility with abstract
mathematical ideas to appreciate fully the importance and potential applicability
of Cartan’s relatively abstract type of mathematics, a type of mathematics that was
not generally cultivated in Paris at the time. The report supports the view that
Poincare´ was Cartan’s most knowledgeable supporter in Paris and leaves one won-
dering whether he would have become a member of the Acade´mie des Sciences
before 1931 if Poincare´ had lived longer. Although the report was published in
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Acta Mathematica in 1921, it was not included in the collected works of either
Poincare´ or Cartan and so its inclusion here is an appropriate convenience. Another
appendix is devoted to Cartan’s hard-to-locate speech at his Jubile´ scientifique,
which contains many interesting recollections of value for future historians. A third
appendix contains something new to me: a talk Cartan gave in Belgrade in 1940
on ‘‘The role of France in the development of mathematics.’’ (A Serbian version was
published in 1940 and the original French was published in 1992 by the mathematical
institute in Belgrade.) Historians may find it of value for its expression of Cartan’s
attitudes toward mathematics. The fourth appendix is less significant; it contains a
two-page publication by Cartan of minor significance which was omitted from his
collected works. A complete list of Cartan’s publications is included, and there is
a fairly extensive bibliography. The latter, however, is seriously deficient in refer-
ences to relevant writings of historians of mathematics. Another deficiency is the
absence of an index.
The style of presentation in Chapters 2–7 is essentially that of mathematical
survey. The results of some of Cartan’s papers are described briefly, preceded
when necessary by a brief mention, survey-style, of earlier related work and
followed by a substantial survey of subsequent work by others on related
questions. In general, the mathematical exposition is on a relatively concrete
level and is admirably clear, although at times it becomes a bit too detailed,
especially in Chapters 2 and 3. In contrast, not enough attention is given to
the historical dimension and sometimes the emphasis on mathematical exposition
leads to an insensitivity toward the historical milieu that can be misleading.
Thus, for example, in the midst of the excellent exposition of Chapter 6, we
read that ‘‘in 1914 . . . Cartan actually introduced the so-called pseudo-Riemannian
manifolds which differ from the Riemannian manifolds by the fact that the
quadratic form [ds2] . . . defining the metric of this space is no longer positive
definite. In this paper Cartan showed that if one takes the [negative of the
quadratic Killing] form 2c(e) as ds2, then a noncompact real Lie group is a
pseudo-Riemannian manifold’’ (p. 181). These remarks seem to suggest that
Cartan in the paper [1] under discussion regarded the real simple groups being
classified as pseudo-Riemannian manifolds. However, there is nothing in Cartan’s
paper to support such an interpretation, and all the evidence I have seen indicates
that it was only later, in the aftermath of the mathematical developments
generated by Einstein’s general theory of relativity, which created an interest
in pseudo-Riemannian manifolds, that Cartan regarded his earlier work in
this light.
Although Chapters 2–7 lack historical depth, they provide a broad and clear
overview of the mathematics leading to, and growing out of, the work of Cartan. For
anyone wishing to understand something of Cartan’s mathematics and its historical
context, this book will provide a good starting point and a continuing helpful
reference work. Given the difficulty of reading Cartan and the cornucopia of re-
search that has its roots in his papers, the authors have performed an invaluable
service for anyone interested in what Cartan achieved and how it relates to subse-
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quent developments. It is my hope that their book will now encourage historians
to expand further our understanding of the historical dimension and context of
Cartan’s work. Perhaps they will even be able to answer the question posed by
Weyl in the quotation above.
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